Objective: For future artificial intelligence-based brain mapping, development of a rational and safe scoring system for a brain motor mapping algorithm using electrocorticography (ECoG score), which contains various spectral, purely intrinsic brain activities, is necessary for either before or in the absence of electrical cortical stimulation (ECS). Significance: The ECoG score proposed in the present study is rational, simple, and useful to define M1, and it is spatially concordant with ECS. Although ECS is still widely employed for presurgical examination, our proposed application of the ECoG score may be suitable for future brain M1 mapping, and possibly beyond M1 mapping, independently of ECS.
| INTRODUCTION
To minimize poor surgical outcomes in epilepsy surgery, accurate, presurgical localization of eloquent cortices and seizure foci is critical. 1 Although important attention is also drawn to new noninvasive techniques, 2 the current gold standard for brain mapping in epilepsy patients is still electrical cortical stimulation (ECS) because of its high reliability. [3] [4] [5] ECS, however, carries critical limitations (stimulationinduced seizures and insufficient stimulation because of the risk of inducing seizures), thus potentially producing errors in brain mapping. 6 Those limitations are not present in electrocorticography (ECoG)-based mapping. 7 ECoG can detect epileptic seizure activities and is also useful in brain mapping by using wide-spectrum, intrinsic brain activities, that is, both (1) very slow cortical potential changes (movement-related cortical potential [MRCP]) 8, 9 and (2) high-frequency spectral alterations, in particular frequency bands (event-related synchronization/desynchronization [ERS/ERD]). [10] [11] [12] [13] We recently showed that a combined analysis using MRCP/ ERS/ERD was accurate; namely, multiple ECoG components that involve every spectrum with various spatiotemporal scales are essential for probing the brain exhaustively.
14 Pure ECoG mapping will become more popular for providing precise and favorable outcomes if this method can define the degree of function with three interpretations: "fully defined, functional area by ECoG (ECS unnecessary)," "partly defined (need ECS to reconfirm)," and "fully defined, no functional area by ECoG (ECS unnecessary)." 7 This classification will allow us to replace ECS-based with ECoG-based mapping or minimize the total time spent for ECS. Clinical importance of this classification remains high during brain surgery involving the primary motor area (M1). This approach may further promote future brain mapping such as artificial intelligence-based techniques. 15 To establish such an algorithm, we propose an ECoG mapping score (ECoG score) to define the M1 that is spatially concordant with ECS-based M1 as a reference.
| MATERIALS AND METHODS

| Participants
We recruited consecutive patients with focal epilepsy who underwent invasive presurgical evaluation with chronic implantation of subdural electrodes at Kyoto University Hospital from January 2011 to January 2017. Inclusion criteria were as follow: (1) the electrodes covered the perirolandic cortex, (2) more than eight electrodes were located on the motor area (precentral sulcus, precentral gyrus, or central sulcus, except for the medial part of the brain),
ECoG-based mapping was completed for at least two motor task sessions (for the face and upper limb), and (4) ECS mapping was completed for those electrodes. After electrode implantation surgery (day 1), all patients underwent 2-week ECoG monitoring to capture the seizures. This 2-week monitoring included the ECoG mapping period (days 3-5), magnetic resonance imaging (MRI) to confirm the electrode locations (day 8 or 9), and an ECS mapping period to reconfirm the functional area (days 10-13), followed by resection surgery (day 15). This clinical study was approved by the ethics board of Kyoto University Graduate School of Medicine (No. C0533). Written informed consent was obtained from all patients.
| Anatomical localization of subdural electrodes
All patients underwent MRI studies at a field strength of 1.5 T (Avanto, Siemens) between the periods of ECoG mapping and ECS mapping as part of clinical presurgical evaluation. We applied a magnetization-prepared rapid gradient-echo sequence for anatomical T1-weighted volume data acquisition. Based on the volumetric scan taken after implantation, we determined the location of each implanted electrode using the signal void created by the electrode metal ( Figure 1A ). 16 
| ECS mapping
We performed ECS mapping with subdural electrodes in the extraoperative setting for clinical purposes. Repetitive, square-wave electric currents of alternating polarity with a pulse width of 0.3 milliseconds and a frequency of 50 Hz were delivered through a pair of electrodes for 1-5 seconds (electrical stimulator SEN-7203, MEE-1232, or MS-120B, Nihon Kohden). We gradually increased the amplitude of
Key Points
• Event-related, multispectral intrinsic brain activities allow nonstimulus functional brain motor mapping • The ECoG score involves very slow cortical potentials to very fast frequency band augmentations that are spatially related to motor area • High and low ECoG scores predict and are negligible in identifying the motor area determined by cortical stimulation, respectively • The ECoG score can reduce the stimulation time to a minimum and may allow future artificial intelligence-based brain mapping ) and C, time-frequency map for power change (event-related synchronization/ desynchronization [ERS/ERD]) in the ECS-positive electrodes and in surrounding electrodes, accompanied by the contralateral distal upper limb motor task. D, E, Assessment of the ECoG score and the relationships between the score and distances from ECS (+) in each electrode. F, Method for measurement of ECoG mapping components. The mean ± 2 standard deviations (SD) in MRCP and the mean ± 3 SD in ERS/ERD of the activity during the baseline period were defined as the thresholds (gray areas) for the significance of each ECoG component. The onset of premovement components was determined by using regression lines. The onset of early Bereitschaftspotential (BP) was defined as the time when a waveform started to exceed the threshold. The onset of late BP was defined as the intersection of two regression lines for early and late BP. The time window of the early BP regression line started when the waveforms exceeded the thresholds and ended at −0.5 seconds from the electromyogram (EMG) onset. The time window of the late BP regression line was −0.5 to −0.05 seconds from the EMG onset. Existence of early BP and late BP was defined when a regression line of early BP exceeded the baseline values up to −0.5 seconds, and when a regression line of late BP was much steeper than that of early BP, respectively. Significance of motor potential (MP) was defined as when a regression line of MP was much steeper than that of late BP. If late and early BPs were absent, significance of MP was defined as a waveform that started to exceed the threshold after −0.05 seconds from the EMG onset. To measure the values of peak power increases in ERS and decreases in ERD, data for each frequency band were selected to create the temporal mean power change relative to the threshold. The onset time of ERS/ERD in each channel was determined using regression lines and was defined as the time when a regression line started to exceed the threshold. We defined the significance of ERS and ERD as the sites with a power increase (ERS) before EMG onset in frequency bands 76-100 Hz, 100-200 Hz, or both, and as those with a power decrease (ERD) before electromyogram onset in frequency bands 8-12 Hz, 12-24 Hz, or both, in relation to the threshold the electric current until positive motor symptoms or subjective perceptions appeared; then, the stimulated site was defined as ECS-response positive, namely "ECS (+ 
| ECoG data analysis
Electrocorticography and electromyogram data were processed offline using custom-written MATLAB (MathWorks) scripts (by M.M.). All data were averaged and then time locked to the electromyogram onset. The analysis window for the ECoG mapping (both MRCP and ERS/ERD) was set from 4.0 seconds before electromyogram onset to 2.0 seconds after. The baseline period was defined as the first 10% of the analysis window (from −4.0 to −3.4 seconds before electromyogram onset). In patients with galeal electrode implantation, the data were re-referenced to a galeal electrode before the data analysis if the recording condition of the mastoid process was not acceptable.
| MRCP and ERS/ERD
We have analyzed MRCP/ERS/ERD in our institute as published in multiple reports. 14, [19] [20] [21] To clarify the time course of the slow potentials (MRCP), the data were lowpass filtered at 10 Hz and averaged. We confirmed the reproducibility between the two sessions in each task, which allowed us to create group-averaged waveforms. MRCP consists of up to three premovement components, early Bereitschaftspotential (BP), late BP, and motor potential (MP), relating to the M1. 22 The significance of each component was evaluated based on the threshold (the mean ± two standard deviations during the baseline period) and regression lines ( Figure 1F ). 14, 23 Time-frequency representations of ECoG power (ERS/ERD) were calculated using a short-time Fourier transform with a Hanning window of 250/500 points (time resolution of 250 milliseconds and frequency resolution of 4 Hz) depending on the sampling rate at each 10-millisecond step. Data were averaged across the trials and converted to the logarithmic scale (base 10). Then, the averaged data for the baseline power were subtracted frequencywise from the log-transformed data. 21, 24 The mean ± three standard deviations during the baseline period was defined as the threshold for ERS/ERD ( Figure 1F ). 14, 23 The different thresholds for MRCP and ERS/ERD are acceptable as they reportedly enable both highly specific and sensitive brain mapping. 14 
| Scoring system of ECoG mapping (ECoG score)
We operationally propose an ECoG component-based prediction model (ECoG score) for identification of the ECS (+) (ECS-based M1). However, no study has conducted multivariate analysis to identify an independent ECoG component among variable spectrum activities. Instead, this study employed every spectrum ECoG component that was a key for identifying the eloquent cortex; for example, BP and MP in MRCP represent localized behavior in the M1, 25 ERD in conventional frequency bands is associated with motor systems, [26] [27] [28] and ERS in high gamma bands often provides strongly localized behavior associated with local neuronal motor processing. 29, 30 Based on these aspects and our previous studies, 14, 22, 31 we operationally assigned 1 point for "every spectrum" ECoG component: occurrence of MRCP (early BP, late BP, and MP each), ERS (76-to 100-Hz band and 100-to 200-Hz band each), and ERD (8-to 12-Hz and 12-to 24-Hz band each; Table 1 , left column). The significance of each component was ascertained based on the thresholds, onset times, peak amplitude or power, and regression lines ( Figure 1F ); for this, we essentially followed our previous studies. 14, 20, 23 The final score was defined as the sum of all points (ranging from 0 to 7 points). To make a simpler and clinically useful algorithm, we also propose a practice version of the score (ranging from 0 to 4), in which one point each is assigned for the occurrence of early or late BP, MP, ERS (76-to 100-Hz band or 100-to 200-Hz band), and ERD (8-to 12-Hz or 12-to 24-Hz band; Table 1 , right column).
To assess the rationality of measured ECoG components, we analyzed partial correlation among peak amplitude of MRCP, peak power of ERS, and peak power of ERD and also performed univariate and multivariate logistic regression analysis for ECoG components independently associated with ECS-positive sites.
| Assessments, validation of ECoG score, and statistics
We evaluated the accuracy of the ECoG score to predict the localization of ECS (+). The accuracy of the ECoG score was assessed in all three motor task sessions (face, proximal upper limbs, and distal upper limbs; Figure S1 ). In each task session, ECS (+) in which a positive response corresponded to the somatotopy of the motor task was considered a true positive for M1 determination (ECS-based M1). Given the somatotopy of these motor tasks, the electrodes located on the motor area (located on the precentral sulcus, precentral gyrus, or central sulcus, except for the medial part of the brain, determined by the MRI study) were selectively adopted for study analysis among all implanted electrodes ( Figure 1A ). The electrodes lacking positive motor response were all labeled as ECS (−). The electrodes identified as ECS (−) were subsequently classified into three groups ("adjacent," "distant," and "more distant") to assess how remote each of these ECS (−) sites was from ECS (+) sites ( Figure 1A) . If ECS interfered with no positive responses corresponding to the motor task within all implanted electrodes, the electrodes were classified as "more distant." The representative waveforms of MRCP/ERS/ERD in these selected electrodes are shown in Figure 1B and 1C. Based on the significance of the MRCP/ERS/ERD component, we calculated an ECoG score for each electrode ( Figure 1D ). Then, we assessed the localization concordance between maps based on the ECoG score and ECS for each motor mapping ( Figure 1E) . We assessed the discrimination of the various prognostic scores by optimizing the receiver operating characteristic (ROC) analysis and measured areas under the curve (AUCs) in every motor task session. The discrimination of ECS (+) was analyzed. Because the ROC analysis can be limited by the analyzed electrodes being nested under the random effect of each patient, ROC analysis was also performed based on a mixed model with subjects as random effect.
We elucidated the electrode properties for which a score suggested a false negative (ECoG score was low but ECS was positive) compared with those that suggested a true positive (ECoG score was high and ECS was positive). The electrode properties in the surgically resected area were also elucidated. After confirming the reliability of the scoring, our goal was to propose an algorithm for ECoG mapping based on the rational likelihood of M1 function, apart from ECS.
The statistical significance of intergroup differences was assessed with the unpaired Student t test or Welch t test, depending on the variance. Spearman rank correlation coefficient was used to test the association between the ECoG score and the distance from ECS (+). Except for the mixed model analysis (SPSS v22.0, IBM), all statistical analyses were conducted using JMP software (JMP Pro v12, SAS Institute). 
| RESULTS
Ten patients, including four females and six males, with a mean age of 33.4 years (age range = 16-61 years), were enrolled in this study. A total of 1114 electrodes were implanted. Of those, 149 electrodes were adopted for the analysis according to the electrode location determined by MRI. Eight, 7, and 10 patients performed motor tasks for the face, proximal upper limb, and distal upper limb, respectively ( Table 2 ). All patients underwent resection surgery after completing 2-week invasive monitoring. Based on ECS mapping, ECS (+) was determined in 24, 15, and 25 electrodes for the face, proximal upper limb, and distal upper limb, respectively. Distributions of the electrode distance from ECS (+) are also summarized in Table 2 . The proportions in the ECS (+) and "adjacent" for face were significantly higher in the face task than those for the upper limbs (62 [53.0%] vs 101 [37.6%], P = 0.005).
| Qualitative ECoG components
The occurrence of ECoG components among all tasks is shown according to the electrode distance from ECS (+) in 
| Calculation of the ECoG score
The status of the ECoG score calculated based on the qualitative ECoG components data is shown in association with the electrode distance from ECS (+) (Figure 3A-1) . A stepwise increase in the percentage of the groups ECS (+), and ECS (+) and "adjacent" electrodes, was observed in accordance with an increase in the ECoG score (Spearman rank correlation coefficient ρ = 0.95, P < 0.001 and ρ = 0.99, P < 0.001, respectively).
| Validation of the scoring system
Based on ROC curve analysis for predicting ECS (+) with an AUC of 0.76, a cutoff score of 6 produced a specificity of 90% and sensitivity of 38%, which was in concordance with ECS, whereas a cutoff score of 2 produced values of Among the electrodes located on the motor area, those that showed the first ictal changes of epileptiform activities and surrounding electrodes were included. We also included electrodes that showed both ictal and interictal epileptiform activities and were located on the structurally abnormal region identified by MRI. 32% and 97%, respectively ( Figure 3B-1) . The details of sensitivity and specificity values in accordance with ECoG scores are summarized in Table S1 . In the basic version, a marked change in the accuracy of task discrimination was seen in the proximal upper limb; with an AUC of 0.85, a cutoff score of 6 produced a specificity of 86% and sensitivity of 80% in concordance with ECS, whereas a cutoff score of 2 produced values of 50% and 100%, respectively (Figure 3C-1 , Table S2 Tables S2-S4 . To address the effect of the analyzed electrodes being nested within each patient, ROC analysis on a mixed model was also performed; it yielded comparable AUC values (Figure 3D) . The rationality of our ECoG score and weights for each ECoG component were assessed (see Table S5 , Figure S2) . The internal correlations among measured ECoG components were also investigated ( Figure S3) .
Notably, most of the electrodes with co-occurrence of early BP, late BP, and MP occurred with both ERS and ERD (89.7%), indicating a high probability of a score of 4 (all electrodes showed co-occurrence with ERS and/or ERD, indicating an extremely high probability of a score of 3 or more [100%]).
A subset of the electrodes classified as ECS (+) or "adjacent" with a low ECoG score (0 or 1) were likely to be | 553 "false-negative." However, this subset had a significantly higher rate for a brain area with structural abnormalities or a seizure onset zone compared to the electrodes of ECS (+) or "adjacent" with a score of 3 or more (37.5% vs 7.0%, P < 0.001).
| Postoperative functional outcomes
The area of surgical resection involved the precentral sulcus or precentral gyrus in two of 10 patients. One patient suffered from moderate anarthria and mild transient facial palsy following resection surgery of the left frontal lobe including the precentral gyrus. This patient's anarthria disappeared within 6 months after surgery. The resection area contained the tongue motor area as determined by ECS in three electrodes with a basic version score for the face motor area of 2/7, 2/7, and 3/7. The other patient had no functional deficits postoperatively.
| DISCUSSION
We validated an ECoG score to predict the M1 concordant with ECS and showed that ECoG mapping using multispectral components was promising for efficient presurgical brain M1 mapping, at least of the face/upper limb, in patients with focal epilepsy with subdural electrodes implanted transiently. Two aspects of our study are particularly new and noteworthy: (1) a very wide spectrum of intrinsic activities, including both very slow cortical components (MRCPs) recorded using a long time constant (10 seconds) and fast activities of ERS/ERD, were employed across the primary motor cortices; and (2) the M1 mapping using MRCP/ERS/ERD was directly compared with ECS, and a clear clinical application was specified. Namely, an ECoG score of 0 (absence of every ECoG component) makes the likelihood of the ECS-based M1 in an area practically negligible (rules out M1 function), and an ECoG score of 4 was predictive of ECS-based M1 (rules in M1 function). The score accuracy of spatial concordance with ECS was as good as or better than those in previous studies. 11, 13, [32] [33] [34] Given these landmarks, in clinical practice, performing ECoG mapping prior to ECS is reasonable and can serve to reduce the number of electrodes for ECS reconfirmation. This strategy is especially true for upper limb mapping rather than face mapping. In contrast, mapping a site with structural abnormalities or at the seizure onset zone is likely to reduce the scoring accuracy (false negative).
| Rationality of ECoG mapping
Because we operationally developed an ECoG componentbased prediction model by assigning equal weights to ECoG components, the rationality of our ECoG mapping should be discussed. First, internal correlations among ECoG components can be present to some extent. However, based on our partial correlation analysis, which showed significant correlations only between the similar ECoG spectrum changes, it is conceivable that ERS (76-200 Hz), ERD (8-24 Hz), and MRCPs (<1 Hz) can appear independently at least in a spatial resolution of a subdural electrode. Clinically, electrodes in the precentral gyrus can contain the components in variable patterns as previously reported, 21 for example, early BP (+) but late BP (−), or BP (+) but ERS (−). Furthermore, it was reasonable for a clinician to perform a combination analysis of MRCP/ERS/ ERD by quantitatively rating their subcomponents to increase the accuracy of ECoG-based brain mapping.
14 MRCP components (early BP, late BP, and MP) have different spatiotemporal patterns associated with different motor areas. 35 Thus, it is possible to employ the ECoG components as an independent factor in the resolution of a subdural electrode. Second, we have tested several models of ECoG score to optimize the score accuracy because the issue of "multicollinearity" in the regression model should be noted. These different models showed almost identical odds ratios; specifically, ERS (76-200 Hz) and the latter parts of MRCP components have high odds ratios. These results were consistent with those of previous studies; spatiotemporal patterns associated with localized neuronal processing were highly related to (1) the conventional frequency bands in ERS rather than those in ERD, 11 (2) ERS at higher frequencies (>100 Hz) rather than high gamma, 29 and (3) the latter part rather than the early part of BP. 30 AUC values were almost identical among the models. Because of its simplicity, our original ECoG score (practical version) that assigned equal weights to subcomponents was useful in clinical practice.
| Clinical strength of ECoG mapping
The major strengths of ECoG mapping are not only overcoming ECS-related complications but also covering the area suitable for reflecting the physiological brain function. ECoG can record cortical activity at the bank of the sulcus as a tangential dipole, 36 whereas ECS is induced just below the stimulated cortex (ECS stimulates only the crown, sparing the bank of the sulcus). 37 Several lines of evidence have suggested a further advantage of ECoG mapping in that multispectral activities are generated by different neuronal sources. First, the latter part of MRCP components mainly reflects the activity of pyramidal neurons that directly project to the corticospinal tracts 38 and has spatially specific behavior, 36 whereas the early part of the components may reflect preparatory activation in the M1 and its surrounding area including subcortical structures 39, 40 and has spatially sensitive behavior. 36 Second, event-related spectral augmentation in various frequency bands relies on both the properties of single neurons and the networks where they are organized. 41 These networks involving thalamocortical/intracortical feedback loops are speculated to represent ERS/ERD. Third, a motor neuron disease study suggested that ERD has a different generator than MRCP 42 in the M1. These strengths of the multigeneration source will help facilitate the accuracy of the map as
shown in our results, with a critical role in minimizing the risk of permanent postoperative deficits. 
| Interpretations of variable intrinsic activities
Intrinsic brain activities may be induced by several factors including age, vigilance state, and pathological factors; for example, subsets of electrodes classified as ECS (+) or "adjacent" in this study revealed a low ECoG score. These factors can likely be attributed to suppressed intrinsic activities due to structural abnormalities or epileptic activities. However, these factors may also interfere with ECS; for example, if the epileptic spike was located only in the surface layer of the cortex, ECS could produce only stimulation-induced seizures (or afterdischarges) and failed to induce a positive motor response. 14, 44 To address these conditions, ECoG mapping should utilize multispectral components generated by different neuronal sources rather than a single spectrum component, to be accurate and to provide a high chance that at least one of the components of MRCP/ERS/ERD could be present even in the limited conditions. However, little evidence of clinical interpretation of the map with discrepancy among the ECoG maps, for example, MRCP positive/ERS negative/ERD negative, is available. The area that was surgically resected in the patient with postoperative transient anarthria in this study involved three electrodes determined as face M1 by ECS, and the ECoG components varied. Future studies should investigate the interpretation of every pattern of ECoG component combinations to highlight their relationships with postoperative outcomes.
| Validation of the scoring system
Validation of the score in the face task revealed poor accuracy relative to that with the upper limb tasks. Three hypotheses are possible. First, the distribution of face M1 is typically wider than other somatotopic areas. 45 Adopted electrodes in the face task were disproportionally higher in number in the ECS (+) and "adjacent" than those in the upper limb task in this study. Thus, selection bias cannot be ruled out, potentially leading to poor accuracy. Second, the poor accuracy in face mapping may be caused by the variation in the ECS threshold according to the somatotopy 46 but probably not in ECoG mapping. Third, bilateral innervation of the upper facial motor region should also be acknowledged. Importantly, postoperative face motor impairment due to resection is experimentally transient and mild/moderate, with recovery within several months, particularly in the nondominant hemisphere. [47] [48] [49] A clear clinical demand exists for practical motor mapping to decide the resection margin involving the M1 for limbs rather than those for the face. Thus, poor accuracy with face motor mapping was unlikely to be a major limitation of this scoring.
| Rational ECoG mapping algorithm
Clinically, ECoG produces a preliminary map to compensate for ECS during the first half of subdural electrode implantation; a subset of brain areas with undetermined function by ECoG will be reconfirmed with ECS. These strategies are acceptable, but clinically, ECoG mapping is not widely used, largely because of its complicated interpretation and lack of sensitive/specific information compared to ECS. 7 Here, we propose an algorithm for brain mapping using the practice version scoring (Figure 4) , which allows the clinician to classify the primary motor cortex into four interpretations according to the reliability of the ECoG mapping. Approximately 40%-50% of our implanted electrodes could rule the motor function in or out, which could assist in eliminating unnecessary ECS mapping. This outcome is beneficial for providing a sufficient duration for seizure recording. Documenting more seizures is favorable for detecting seizure foci, 50 but the monitoring period should be shorter, because a longer duration of monitoring is associated with increased perioperative complications. 51 Thus, the efficiency of this algorithm will be most favorable in patients with infrequent (weekly) seizures or with sensitivity to ECS by reducing the time for ECS to the minimum necessary. We therefore consider that this algorithm will be a promising strategy that is widely available for presurgical evaluation of brain surgery involving the M1.
| Limitations and future investigations
Although a time constant of 2 seconds is widely applicable, we used an alternating current amplifier with a time constant of 10 seconds. This condition may be useful but should be investigated in the near future. Limitations of our study include the small sample size, the single center validation cohort, a lack of external validation, 52 the extent of electrode coverage determined by clinical indications, and a lack of optimized weighting of the ECoG components (the scores were arbitrary and equally assigned, although all spectrum components were employed). To establish ultimate scorings, optimized thresholds for individual somatotopic motor tasks and degree of internal correlations among measured ECoG components are also essential. Our score was developed in the specific anatomical domain focused on M1 because a score developed from M1 electrode data only will be specific and reliable for preoperative determination of resection margins that involve M1. Exploring the association cortex and the medial part of the motor cortex is challenging. However, because an ECoG score for this area requires particular ECoG components (premovement potential shifts regardless of the site of movement 18 and spatiotemporal-specific spectral changes 20, 21 ) in addition to our score, the extraprimary motor area needs a derivation so that a scoring system for it can be developed apart from this study. Because ECoG mapping is applicable to any cortical brain region to simultaneously examine all implanted electrodes, our ECoG score has implications for the design of future investigations. Collectively, multicenter external validation studies are expected to confirm the results presented here, overcome these limitations, and aid in developing next generation, artificial intelligence-based brain mapping.
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